Electro-optical properties and morphology of reverse scattering mode liquid crystal (LC) display, which shows a transparent voltage off-state and a light scattered voltage on-state, have been investigated. The display is prepared by using a twisted nematic LC layer doped with a photo-reactive mesogen (RM), which forms oriented polymer network. Driving voltage of this device strongly depends on a concentration of the RM, type of LC material and a UV power used to polymerize the RM. This is primarily due to the fact that these factors affect morphology of the polymerized RM. Large particles of the RM and the large domains of the LC attribute to the low driving voltage. We successfully obtained the driving voltage less than 4 V by optimizing LC material and morphology of RM network.
Introduction
Liquid crystal / polymer composite films, such as polymer dispersed liquid crystal (PDLC) [1] [2] [3] and polymer network liquid crystal (PNLC) [4, 5] films, cause increased interest due to their usefulness for display and optical devices. Normally, these composite films show sufficiently high light scattering in a zero field (off-state) and a transparent state when the voltage is applied (on-state). The composite films operating in the reverse scattering (RS) mode, i.e., showing transparent off-state and a light scattering on-state, have also been proposed. The typical RS mode LC films are prepared by using a cholesteric LC [6] or a nematic LC with negative dielectric anisotropy [7] and non-mesogenic photopolymer composition. However, driving voltage of these films appeared to be high comparing with the composite film operating in the conventional scattering mode.
Another type of RS mode composite films was proposed by Hikmet [8] . It consisted of homogeneously oriented nematic LC with positive dielectric anisotropy (>0) and reactive mesogen (RM) polymerized in a form of oriented polymer network. The ability to use nematic LC with >0 opens access to a large class of liquid crystalline materials with high dielectric and optical anisotropies, which makes it possible to easily optimize display properties. However, the devices based on homogeneously oriented RS mode film need a sheet polarizer with the axis parallel to the optic axis of the composite film. This is necessary in order to cut off the portion of light polarized perpendicularly to optic axis of LC, since this light is not scattered by applying the voltage.
To eliminate dependence of light scattering on the polarization direction of the incident light, we have proposed to use instead of parallel configuration the 90 twisted nematic (TN) [9, 10] and 270 super twisted nematic (STN) [11] orientational configurations of LC/RM composites.
This work is aimed at optimization of 90 TN cells of LC/RM composites in order to improve their electro-optic performance. LC material, concentrations of RM, and a UV power of photopolymerization are adjusted to reduce the driving voltage.
Concept of 90
o TN scattering cell The dissolved RM takes twisted configuration corresponding to configuration of the LC host. This configuration is basically maintained during photopolymerization of the RM. In other words, polymer network formed on a base of the RM has twisted configuration. The thickness of the cell is chosen large enough (d10 m) to carry out the Mauguen principle. Because of this, in the zero field state (off-state), the polarization plane of the incident light rotates along the molecular orientation in the cell. Since the refractive indices of LC and RM are very close (n o LC  n o RM and n e LC n e RM ), refractive index matching is achieved for both e-and o-waves traveling in the cell and thus the cell is very clear Fig. 1(a) . Upon voltage application to the cell, LC reorients parallel to the field, while polymer network keeps its configuration. Under these conditions, refractive index mismatch occurs. It is important to note that this mismatch takes place for both e-and o-waves. As demonstrated in Fig. 1(b) , the e-wave is mainly scattered in a front part of the cell, while the o-wave -in its rear part. Scattering of both polarization components of light results in high scattering efficiency and high angular uniformity of scattering indicatrix.
Experimental
The composite films were made of RM ARL002 (Osaka Organic Chemical Industry) and nematic LCs shown in Table 1 . The RM with a photoinitiator Irg-184 (5 wt%) was dissolved in the nematic LC at concentration 2.5-10 wt.%. The mixture was sandwiched between two glass substrates coated with rubbed polyimide (PI) films whose rubbing directions were perpendicular to each other. The gap between two substrates was 10 m. The cell was irradiated with UV light of 1-20 mW/cm 2 for 5-100 minutes to polymerize the reactive mesogen in order to fix its twisted supramolecular configuration. Fig. 2 shows set of transmittance (T) vs. voltage (U) curves for the composites based on nematic LC SY-1502 and various amounts of RM. In this experiment, polarization direction of testing light was parallel to the LC director on the entrance side of the cell. It is seen that driving voltage decreases with reducing amount of RM. The on-state transmittance becomes a minimum, that is, the contrast ratio becomes a maximum, when the concentration of RM is from 5 to 7.5 wt%. The atypical growth of T(U) curve is observed for the sample with 2.5 wt % of RM, if the voltage is over 6 V. This phenomenon might be caused by involvement of week and fragmental polymer network in reorientation process at elevated voltages. (Fig. 2) . This tendency is rather common for PDLC and PNLC samples [5] .
Results
Next, RS mode TN cells were prepared by using LCs with various optical and dielectric anisotropies. The LC cell before polymerization of the RM has almost the same electro-optical property as a conventional TN cell, as shown in Fig.  4(a) . The driving voltage can be lowered by using the LC with higher dielectric anisotropy, . However, after polymerization, this rule may note be satisfied due to the influence of polymer network on electro-optic performance. For example, driving voltage of the PNLC sample based on LC RDP-88897 is the highest even if the dielectric anisotropy is the largest. Fig. 5 shows microphotographs of RS-mode TN PNLC samples based on different LCs. There is evident that the morphology of the samples strongly depends on the LC material. LC domains in the sample based on DOP-609 are considerably larger than those in the samples based on RDP-8897. This fact, in spite of higher  of RDP-8897, determines lower driving voltage for the sample based on DOP-609. This allows us to conclude that the morphology is a dominant factor to reduce the driving voltage, comparing to the dielectric anisotropy of LC material. Finally, influence of the intensity of UV light in the photopolymerization process was investigated. Fig. 6 shows microphotographs of the samples, in which photopolymerization was carried out with UV light of intensity of 1, 2 and 20 mW/cm 2 and exposure time of 100, 50, 5 min, respectively. It is evident that the structure of the polymerized RMs becomes finer with growing intensity of UV light. This trend is rather typical for PDLC and PNLC systems [12, 13] .
As might be expected, driving voltage becomes lower with weakening of UV light irradiation (Fig. 7) . Its lowest value (U= 3 V) is obtained for the sample exposed to 1 mW/cm 2 . The contrast ratio corresponding to this sample is about 13.
Conclusions
Developing idea of the TN PNLC samples, we found a number of empiric rules that allow optimizing these samples from the point of view of their electro-optic performance. It was found that the driving voltage depends strongly on the morphology of the samples; it decreases with the enlargement of the fragments of polymer networks and LC domains. This can be achieved by reducing the concentration of reactive mesogens, the intensity of UV light in photo-polymerization process and selection of LC material. Working in this way, samples were obtained with a voltage of about 4 V and the contrast close to 15. 
